
K-CRL 772-0207'

H'=DROýAGNETIC WAVE P11ENO= 'tA

IN THE W.GNETOSPHERE

SALVIN W. JEIqiCINS, JR.

North Carolina State University

Raleigh, North Carolina

Contract No. F19628-67-C0152

Project 8501

Task 86&D.07 ".?_ 1).
Work Unit Jo. 86010701

FINAL P•EPORT

CoverinZ Period 2 January 1967 - 31 December 1970

Contract Moni-, r: Elwocd Maple
Space PhysL- s Laboratory

1 Februz.ry 1971

Approved for public releawe; distribution unlimited.

Prepared For

tir Force Camnbridge Research Laboratories

Air Force .' 3tems Command

United ,tttes Air Force

Bedford, ".w?,-sachusetts 01730
'p cduc-d by

N,4,ci-)NAL TECHNICAL
INf-iJRMAnrON SERVICE

plngfoild va '2251



Selusiy ClassificioaA

- -MENT CONTROL DATA - R&D
Ir(Scwrity claasificotion of title, boy of obstrect oad indziuga magaitum ft"s be eute-ned "*to she it roll rwpt~r is clossimie) I
I. ORIGINATING ACTIITY (CaepOIuIe m'1hor) 20. REPORT SECURITY CLASSIVICATION " 'I
North Carolina State University Ucasfe
ualeigh, North Carolina 27607 ou•

lip REPORT TITLE

* ]YDIIO C WAVE PHENOHENA IN THE WANEOSPBHEE
I • .

4. DESCRIPTIVE NOTES (Tye of report and o Iclusimwe s)

Scientific. Final 2 January, 1967 - December 1970 _____'_

SS+ A-UTHIORIS) (First Xaddý Mi•& -----, loSt •=m)

Alvin W. Jenkins, Jr.

6 REPORT DATE 70. TOTAL NO. OF PAGES PIK No. OF REFS

1 February 1971 31 15
0 I6- CONTRACT OR GRANT MO. 30. ORIGINATORIS REPOR" NUIIBERIS)

F19628-67-C-0152
. PROJECT. TASK, WORK UNIT NOS.

8601-07-01
C. CDOV ELEMENT 611092 sI. jTY ORHT %VS) (AVy aihe aimles L4W x be

IL DOO SUBELEME-T 681311 AFBrL-72-0207

10. OISTRIBUTION STATEMENT

A - Approved for public release; distribution unlimited.

II. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY XZTIVITY

"* Air Force Cambridge Research

TECH,, OTHER Laboratories -(PH)
"L. G. Hanscom .ield
Bedford, Massachusetts 01730

13 Ag4TRACT

-- The propagation characteristics for three model magneto~pheres are compared for
hydromagnetic waves in the micropulsations frecency range, 10- rad/sec -

1.0 rad/sec. One model is of a plane, layered medium over a plane, conducti t•artn.
a second model is one composed of concentric cylindrical shells of plasma surrounding a
bonducting, cylindrical earth. In the plane model the magnetic field is horizontal, '.. .
varies with height. In the second, the stratic magietic magnetic field is parallel to
the cylindrical axis, but again varies with height. The transmission coefficient for

-' the amplitude of the magnetic field of an incident plane hydromagnetic wave is computed
as a funotion of frequency for both models, and the results are compared. The
scattering and diffraction effects present in the model with curved surfaces substanti-

, ally rcduce the transmission coefficient at higher frequencies. Also, differences in
geometric shape are much more significant than any reasonable variation of other
magnetospheric parameters within either model.

A third model utilizes a curved, dipole-like magnetic field. However,
computations are not complete for this case.1

~2.



TABI.E OF CONTENTS

I. INTROIUCrY0K _ . . . ................... 1

Ii. ]HAG'NEOSPHEPJC PRDPAGATIO% OF HYDROMACNETIC •"'VES....... 2

A. Introduction . ............... . . 2

B. Specific HagTietospheric Models ............. 10

C. Results of Computations .......... ................ 13

Ill. SUMMARY CINCLUSIOSS, AND RECOK&DATINS. . ............. 17

IV. PERSONNEL. .......... .......................... .. 18

V. REFERENTCES ................ ....................... o.19

VI. PUB.-ICATIONS .............. ........................ o.20



"LIST OF FIGURES

1. rhe variation of the static magnetic field B ,'ebers/square
metcr) and m.ean mass of positive ions (oxyger. a ,z-:' = 16)
with geovetric altitude in kilometers . . . ......... . 21

2. Electron r.umber density N (per cubic meter) ,s a function of
geometric height in kilometers. . . . . . .......... 22

3. The magnetic field amplitude transmistion cow_ Fficient as a
function of angular frequency (radians/seccac•). Solid curve
is result for cylindrical model; broken cu :,•, for plane
model; coll:isions have been neglected in '.th cases ........ .. 23

4. The 'ionospheric magnetic transmuission co,,tfikient' tb as

calculated by Field and Greifinger including collisional
effects tb- as calculated in this paper. Dashed curve is the

ratio tb'/tb. Abscissa is angular frequc:cy in radians/second. 24

5. The magnetic ficld amplitude trans!aision coefficient for the
two cases: P represents plane oodel; C, cylindrical mowel.
Collisional effects included in both cascs. Angular
frequency isin d-r.ians/second ................ ......... 25



ABSTPUACT

The propagation characteristics for three model magnetospheres are

compared for hydroaagaetic waves in the micropulsation frequency range,

1074 rad/sec < w < 1.0 rad/sec. One model is of a plane, layered medium

over a plane, conducting earth. A second model is one composed of concentric

cylindrical shells of plasma surrounding a conducting, cylindrical earth.

In the plane model th' magnetic field is horizontal, but varies with height.

In the second, the static acgretic field is parallel to the cylindrical

axis, but again varies with height. The transmission coefficiei* for the

amplitude of the magnetic field of an incident plane hydroizag,;etic wave is

computed as a function of frequency for both models, and thb results are

compared. The scattering and diffraction effects present in the model with

curved surfaces substantially reduce the trartsmission coefficient at higher

frequencies. Also, differences in geometric shape are much more significaat

than any resonable variation of other magnetospheric parameters within either

model.

A third model utilizes a curved, dipole-like magnetic field. However,

computations are not complete for this case.



I. lN•TDUCTi0ON

The objective of the research supported by Air Force Contract

F19628-67-C0152 was the investigation of hydromagnetic phenonena in

the magnetosphere in order to determine the possible physical mechanismsI for the production of the observed geomagnetic oicropulsat-ons whose

enerrgies are confined to comparatively narrow frequency bandwidths.

Essentially all the work performed was directed towards understanding

the propagation characterics of the magnetosphere.

This work was begun January 2, 1967 and concluded with the

termination of the research contract on December 31, 1970.

-The work described in this report is primarily the theoretical

determination of the propagation characteristics of-lo- frequency hydro-

magnet!c waves in three model nagnetospheres: (1) a plane, layered

medium with horizontal magnetic field; (2) a cylindrical, layered

medium with static magnetic field parallel to tie cylindrical axis;

(3) a cylindrical model with static field normal to the cylindrical axis.



2

II. HACKETOSPHERIC PRWPAGATION OF HYDROMA-GNCEC WAVES

A. Introduction. A large portion of the work covered by this

report vas published in a paper "A Comparison of Jydromagnetic

Wave Propagation in :Nagnetospheres of Plane and Cylindrical

Geometries," Journal of Geophysical Research, Vol. 75, pp. 3P17-

3824, 1970. Portions of the rateri;l in sections A, B, and C

of this chapter are quoted from this paper

The mathe-atical description of the propagation of

hydromagnetic waves through the magnerosphere is conplicated by

many factors: (1) the mediu., is inhonogeneous, i's properties

varying by many orders of magn-Itude over distances less thap E

wavelength; (2) the static nagnetic field surrounding the earth

causes the nedium to be anisotropic; (3) the magnetospheric

medium is dissipative; (4)" the paraneters thal characterize the

medium are not known experimentally, except approxLmately;

(5) the geometry of the magnetosphere does not lend Itself to a

simple mathematical formulation of the propagation problem. Bec-'Ise

of these complications,a realistic magnetosplheric model has never

been used in propagation calculations at hydromagnetic wave fre-

quencies. A number of workers have, however, reported calculated

result based on approximate models [e.g., Field and Greifinger,

1965, 1966; Francis and Karpius, 1960; Greifinger and Greifinger,

1965; Jacobs and Watanab3, 1962, Karplus et al., 1962; Prince and

Bostick, 1964; Prince et al., 1964].

A typical treatment takes iato account some of the factors

listed above. A 'full wave' solution to the propagation equa'.tfons

can be affected nrý crfca•ly, even for the inhaoogeneous, anfsotropic,
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dissipative tdium, if tie mcznetospheric parameters are functions

of only one C3rtesian c.ýordi.at?. In su:h an analysis the earth

becomes an infinite half-space '.4th a plane boundary, the

magnetosphere is layered sl~a, irnd the fields evexi-here are

superpositicns of plane waves Ey a•loing the parameters of the

medium to vary with hEight in a rufficient'y siople fashion, so:-

workers have obtained .'nalytic expressions for transmission

coefficeiets [Field and Grelfic er, i965, 1966; Gre'fiaber at40

Greifinger, 1965]. i-n general, ch- tendency ha6 beer. to try coping

with the first four eiffi:'ultie-. isted previously. bet to restrict

the geometry of the model. So;Pe work has beev done or resolant

nodes in a spherically sym:..-trLc magnetos-,here :?dcs.• and

Corovillano, 1966; Czreviilano (:L al., 196''. No use seems to

have been mad: of these iesults in predicting tians-.ission charac-

teristics, hov-ever. In general, the an3lysis of nagnerospheric

propagation cf hydronagnctlc waves has be'n oi. i-m~cnsiondl and has

made use of plane vavics and plane boindrn,; suzfaces. A magnetospheric

model that inclhees curved surf a-e; wcu'ct also inziude scattering

and diffraction effects abscut in th- planc layered wodeJz.

Thus it is reasonable to attempt a solution to the propagation

problem for a curved (though highly artificial) nodel in order

to evaluate the effects of curvaturz and hence the suitability or

accuracy of the plane la•rinar yodels.

Three calculations havw bccn att;ptcd1 two have been com-

pleted. The threc cases are:

1. A calcul; ion icading to a soluti-:, to tbcr probic-' of the

propagation of a hydro; -ý.netic dicLurbancc through a cyiin', 1c3_l]y
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symmetric magnetosphere of a plane wave incident upon it. The

continuously variable nature of thc medium is approximated

by a number of homogeneous cylindrical shells of plasma. The

'dipole' field of the earth in this model varies only wjih

distance from the cylindrical axis and is parallel to the axis.

A plane normal to the axis of this uodel is thus comparable to

the equatorial plane.

2. A second calculation is bascr oa a plane model of the magneto-

sphere. In this sinpler case, the sa:-:e parameter profiles are

used as in the cylindrical model, and plane layers have the

same thickness and height as the corresponding cylindrical snplls.

When the transmission coefficients in the two cases are compared,

the effects of curvature of the magnetospheric surfaces are

revealed.

The exact results are obtained by assuming zero collision

frequencies throughout the magnetosphere in both cases. However,

the effect of molecular collisions on the propagation is accounted

for approximately by making use of the ionospheric transwission

coefficient computed by Field and Greifinger [1966] to modify

tha exact no-collision results. Although this composite treatment

is not a rigorous solution to the propagation equations with

collisions, it is thouoht to be a reasonable approximation to the

probleai. In addition, this approxiciate solution requires con--

siderably less conputirg tine.

3. A third propagitiou calculation was aLte-nptcd on a model

magnetospherc which again was cylindrically syi-vetrjc. llowever,

in this third case the magnetic fi-ld w:• chosen to lie Ln the

plane noriml to the cy]inder a, is and to exhitit a "dipole"
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characteristic. Thus the direction an1 ragnitude of the static

field were functions of position, varying, in fact, with both r

and 0, the radius and azimuthal angle in cylindrical coordinates.

This considerably more complicated magretic field structure

leads of course to a much more difficuit mathematical problem.

At the date of termination of this contract the solution to

the propagation problem for this third case was Incomplete.

A description of the progress made, however, will be found in

section C below.

The analysis of the propagation problem for the first two

cases proceeds as follows.

Consider a homogeneous plasma medium, corresponding to any

one of th. layers in the magnetospheric model. Here, Maxtiell's

equationsýnks units)take the form

V.E = p!c VWE = -p 0Il/3t
(1)

V1r-0 VxJI = e0(np/t) + S

For time dependence Df the form e ,these equations become

V'E p/so VxE -iVOLH

(2)

V~-" 0 VxH~ iwoE + J

where K is the dielectric coefficient tensor. If the plasma is

characterized by a unifor,ýi static magnetic field 'n pcrallel to

the z axis of a Cart ,sian system, K can be, written as



-7

K -Kx 0

KYK K• 0 (3)

0 0 K1

The components are formed from the basic parameters of the

medium, X, Y, and Z.

"Xs =Nse 2 /COms w Y 6eBO/msW1

(4)

SZ Vs /W s i- Z

where

N is the density of s th singly charged components of thes

plasma.

e is the charge cn the electron.

th
m is the ionic mass of the s component of the plasma.

Vs is the collision frequency of the sth component.

The magnetospheric plasr-,a will be treated as if, at any

location, there existed only electrons and one kind of positive

ion, which has a mass equal to the average2 mass of the positive

ions at that location. The componenits of K now become

Xe e i i

ee e '6'

e e

X 
X

e (7)Be
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The subscripts i and e refer to ions and electrons, respectively.

If the medium is homogeneous, so that Kj, K×, and Ku are independent

of coordinates, and if the fields are independent of z (i.e.,

the wave propagates normal to z), Maxwell's equations can be

combined to form the wave equations

VT2E + 02K z= 0 T2 Ez + k22Ez (8)

Kx 2+ K
VT2H+ko2 K X H 0 V + (9)K T rz z

where VT2 is the Laplacian operator in the pair of coordinates

transverse to B0 and k0 is equal to w/c.

Cylindrical model. The solution to (9) in cylindrical

coordinates is

H z(r,) = (A n Jn(kjr) + Bn Yn(kir)1e in (10)

with J, Y Bessel functions of the first and second kind and
n n

with A n B arbitrary constants. If A and B can be evaluatedn n n 1n

Er and E can be determined from Maxwell's equation. Inese

three field components form the 'fast' mode which can propagate

normal to z. The other possible mode comes from the solution to (8)

E2 (r) z I [Cnn (klr) + Dn Y n (k2r)]einý (11)

The two modes are uncoupled, since propagation is normal to B0 .

To describe the fields in a medium that consists of con-entric

cylindrical layers (each layer being homogeneous but with an axial

V U0



8

static magnetic field), we begin with (10) for oae mode and

derive from (2) the zesult

E -K, DoHz +Z (12)
ir c (Ksz + Kx7) r Kx !-

1K 3Hz [ 1l(
w, iwco(KJz -Tx7) L + x (13)

The boundary conditions on each cylindrical boundary, r a, are

E (ri=a) a E (r a+) (14)

H (r a-) =FH (r ) (15)z z

Because of the form of the solution, these bcundary equaL'ons

hold independently for each n value and have the form, for example

of

A m'ý. (kjma) + Bn(klma) = A n m+l "klmla) + B m+ly (kT+la) (16)

"where m is an index specifying the layer in which the field is

evaluated.

In the present problem, one boundary will be at the magneto-

pause. Exterior to this boundary the field consist:s of an incident

plane wave and a scattered cyl-,drical wave. The form of the Hz

field in the interplanetary repun is then, for the fast mode,

Ht(,O- H0 . ineinýj (kjr) + I F e in[J (kir) (17)

n= -Co n= _. i

•+ i n(klr)]



The innermost bo,,ndary to the ma;.xetospheric region is at the

surface of the earth. The earth itself is assumed to be a

perfect conductor, so that the electric field vanishes for

r < RF. The bouncary condition is then

I 4 (RE',) =0 (18)

j The conditions above (equations 16 and 18) pr6vide just the

p-rper number of conditions to allow a solution to be formed

for each updetermined constant in the field expression (equations

10, 12, and 13, for example). In a model of N layers (counting

both the earth and the interplanetary medium), the number of

unknowns is 2N - 3. However, because these unknowns are copplex

there are 4N - 6 values to be determined, and hence 4N - 6 real

equations. Solution to the set of 4N - 6 equations determines

the coefficients in the field expansions for one n value and one

frequency.

Plane model. For propagation.normal to the plane boundaries,

equation 9 has the solution

Sz(x) = Hzleiklx + Hz2e-iklx (19)

where H.1 apd hz 2 are the complex amplitudes of the plane 6 is

propagating in the positive and the negative x directinns, respectively.

The corresp9nding clectric field is

-)kKHzi iklx k1 .
11Z2 -iklxE W - + 0o - -j + e (20)

Ex(x) (KX/K )EF(X) (21)
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The boundary cand%..wns on the plne boundaries (x is constant)

are that E and E be continuous. Again, 4- - 6 Ceuqt~f.n are
y 2

solved for the 4N - 6 unkno-n aszplitude values. Only the fast

amode solution is considered.

B. Specific KagnctosphcriL Xoiels

1. Cylindrical HMagnetosphere. The earch-•gnetosphere-interpl.netary-

space system is represented in Lhb cu•ved nodel by a set of twenty-

two concentric cylinders. The inner.ost, .hich is the earth, is

a perfect conductor. The next in order of increasing radius is

the neutral nonconducting ataosphere. The iolloving nineteen

cylindrical layers represent the ionosphere magntntosphere. The

last 'layer' is bounded on the inside by the wagnetopause, but it

has an infinite outer radius. Each layer is considered to be

homogeneous, with parameter.s as indicated in Table 1.

The values assigned to the parameters for each layer, together

with the radii appropriate to each layer, were decided as follows.

First, a table of mean rolecular weight, electron number density,

and geomagnetic field intensity was compiled for fifty-five

geometric altitudes between 60 and 61,000 km. These values were

taken from the literature [Prince et al., 1964; Matsushita and

Campbell, 1967]. Smooth curves of the three parameters are sbown

in Figures I and 2. In this model no consideration was given to

collisions of ions with neutrals or with other ions. The consequences

of this neglect will be discussed later. Values were chosen to

represent approximately sunspot minimum, daytime.

The values of the log of the Alfvcn velocAty VA calculated at

the fifty-five data points wc-re plotted against log R and a smooth
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curve was drzwn through the points. The ioomsphere-cetosplere

was divided into vineteen regions; their bound•ries were chosen

simply by inspection, b-st in such a way as to fit the VA curve

as closely as possible, as judled by eye. The set of radii t•-•s

chosen were imposed on smooth curves of Ij. KN, and values forI each region selected. The nunber of lavers chose" (twenty-two)

was a coapromise between an a-curate fit and a reasonzble anount

of computer time.

2. Plan- ftgnetosphere. The sae parae.ers were used to describe

the plane layered node. Each radius listed in Table I nov becou-s

a height x above the center of the plane conducting slab that

represents the earth.



TAKIE I. Paraeters of the Tutaty-Two-Larer Kod:eI

layer Radii, neters VA, 0 = .1/sec) (at 0. I/see)

1 0 6.37 z 10 6

2 6.37 x 106 6.43 x 106 3.00 x 108 0.00 1.C'

3 6.43 x 10 6.47x 106 2.00 x 106 4.00 x 10 5.00 x l0

4 6.47 x 106 6.51 x 106 4.40 x 105 5.40 x 102 6.00 x 10]

5 6.51 x 106 6,61 x 106 2.90 x 10S 1.10 x 103 1.40 x 105

6 6.61 x 106 6.83 x 106 2.30 z 105 1.40 x 103 2.15 x 106

7 6.83 x 106 7.17 x 106 4.00 z J0o 5.00 7 100 9.00 x 105

8 7.17 x 106 7.67 iL 106 1.00 x 106 6.00 x 10 1.10 x IOS

9 7.67 x 106 8.27 x 106 2.30 x 106 3.00 1.70 x le

10 8.27 x 106 1.08 x 10 4.80 x 10 4.60 ;. 10-1 4.80 x 103

11 1.08 x 10 7  1.18 x 107 3.85 x 106 1.25 7.5C x le

12 1.18 x 10 7  1.34 x 107 3.25 x 10 2.30 1.00 x 10

13 1.34 x 107 1.52 x 107 2.70 x 106 5.30 1.60 x 10'0

14 1.52 x 107 1.88 x 107 2.05 x 10'- 1.70 x 10 2.60 x 10"

15 1.88 x 1-)7 2.24 x ;07  1.52 x 10 6.00 x 10 4.60 x 10';

16 2.24 x 107 2.54 x 10 7  1.70 x 106 3.80 x 10 5.80 x 10'

17 2.54 x 107 2.96 x 107 3.50 x 10'; 2.20 x 10 5.40 x

18 2.96 x 107 3.44 x 107 '.80 x 106 3.30 x 10 4.50 x 104

19 3.44 x 107 4.64 x 107 2.85 . 106 1.30 x 10- 3.40 x 104

20 4.64 x 107 6.20 x 107 1.50 x 106 9.20 x 102 4.50 x 104

21 6.20 x 107 6.80 x 107 1.45 x.106 1.25 x 103 5.00 x 10"

22 6.80 x 107 2.12 x 10 5  4.31 x 10 5  2.58 x 106

Layer 1 repre--nts the earth; layer 2, neutral atmosphere; layers 3-21, the

ionospbere-magnetosphere; layer 22, interplanetary space.
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C. lesults of 2

1. Calcularloms of .C;ggEtic Field M•m itode Traniszisw

Coefficient for First Two Cases. The c.linifrica!= mAdel Je"-d

to a set of eigLty-tv simamltar :_a real linear algebraic

-•maticles for the coefficients A and F in Vie fieldn a ai i fel

e~pressioelS (e,.aatioms 10 and 17); the superscript designates

the nthia 1yer. One value of u was chostz, and tbe set of

equatio-s was selved for each integer n in the interval - 10 <

n < + 10. Tle values for A 2 aapd 5 2 were then substituted into

(10), and the z.,nfit1e-. aC froa 2 to 1%. The trend of thez

ratio to incre•-se with iznreazs-r" frequency is apparent. The

resonasn frequcncie. for both cz-as fiAl w-ithin the range of

continu•o. s; .s.ica cscillatfor- observed at geostationary

altitudes (0.02 to 0.12 radian/sec) an interpreted as nagneto-

spe-e:ic res.naný--e standing waves [Czings et al.. 1969].

Th.e ilo frequerey li.-its for the t'zo cases differ by a factor

of 2. This result could have be•an anticipated, since at these

frequencies the --agrtetosphere has little effect on the wave.

Thuz5 c L; -, 0, the coteris-mn is between the reflection at an

infinite conddcting plane and the scattering by a conducting

cylinder. The fields calculat:d -.n these cases exhibit a factor

of 2 in ti. ratio of the ar.plitudes of the magnetic intensity at

the s.irfaces.

Field and Greifin•er [1966] defined theiz 'ionospheric m;ng:ctic

trans.issi~c. cocfficicnt,' t., as the ratio of the total riZg.'etic

field at tQ ba7c of the iono::,c to the field of the do-nc: ing
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S

part of the sisasl at the to? of tue icomphrre. The top of Eke

imwspbere was takez to be 450 kit ZIre th M'rface foir da~tin-t

sunspt n2XIrM COeiitioms; th b-aAe of the ioer ere, to be

85 ka high. The ndel Vee *sf wcb .hey UC use has a

c tant lve speed In this rtion, VA - 2W• kse, a constant

Im cyclotron frauezcv o f 100 rai/a!sec, and iJo and electron

collisioo frequ -en s proportional to each ot.her and bo:i expose-atial

functions of height. Obviously the present model is n: ioentical

to that of 1"ield and Greifin4er, eresn aside from collisiot effects.

Xevertheleýs, a coparison of tiheir c rpqte• t5 vith a i3 -w-t--an

Magnetic trzns=1sci¢o-_ coefuicces-.: a•al!elatcn on the bz:sis of the

present plane layered model shc..O! give sca- inticat-ions of the

attemautioa resulting from collisions. Such a coeparison is

illustrated in Figure 4, where t a is the corresponding transnission

coefficient derived fron the present work. The evaluation of t5

was muade by comiparing the amplitude of the nagnetic field at the

surface with the anplitude of an inco-in% plane wave above the

boundary at 6.83 x 10 meters. or 460 L-- above the surface. Ionospheric

reflections of the incident wave causes the gradual do2crease in t,,

as the frequency is increased, until the layered rcdun becomer'

resonant at above 6 radi.'ns/sec. The tB curve decreases rapidly

because of absorption, and so shows no resonance. The ratio of the

two c'urves t B/t B is sho%'n in the broken cur,'e in Figure 4.

To make use of the Field and Grc'finZcr iesi!lt, the spectra

of the plane and cylindrical t'..g.etosphcres were irultiplied by) the

ratio tB '/tB. The application of this quantity, ba';cd on ý' oni.-

dinension,.1 calculation, to the cylindercal r"did, sCC.-,= justified



since the tickss of the ies *eric layers 1MVrIVed is small

In compzrison with the -aiims of curvature of thie boindii

surfaces, namely 4 k4637t I=, or about 71. Ibe final spectra

imclmdiug the collision effects are sb In c Fitire 5. The

ratio of these tvo curves, P for the plaz*e layered ;odel and

C for the cylindrical one, is of cors still the same as in

Figure 3.

One difference in the tw trassnissio_ curves, in addition to

the depressed trzn~issjva in the cyljizrLcal case brought about

by scattering, is the shift in resoza-'_ frequencies. The first

resonance cones at a higher fre,..ey in the cyliz•rical model

than In the plane node. Exaz itioa of the field anplitude through-

out the 9etdiuu itdicates that this effect is a result of multiple

Internal reflections in the plane nadel, which lead to a longer

effective path length for the wave propagating norual to the

plane bounding surfaces. Th.e higher resonant frequencies are

harnonically related tc the first resonance in the cylindrical

model, but their azplitudes are rapidly decreasing, owing to the

scattering at each curved boundary. The relationship between

resonant frequencies is rmore co-mplicated in the plane model because

of multiple reflection and individual layer resonance occurring

at frequencies above 0.35 radian/sec.

The sensitivity of the results to the details of the models was

investigated by varyini, the ragnetospheric para-icters )ver a rather

wide range of values. In general, the spectra are oily slightly

sensitive to such chrngc:. To illustrate this in•.en',itivity, a
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Calculati Uas mRae, for both models in whidi the entire nazgeto-

sphere Imaspaere was replaced by a sin~le iar o, isotropic

layer. The dielectric c-stzant of this layer was adj-,aed2 ti,

give the s propaZation time is in the detailed models. The

result 'so the cylindrical case is a si'etrr-z di~slayin- reseoances

that coincide with the first few resoonces in the ",re elaborate

model but having a trans~issioa coefficient that falls off wore

slwly with frequency. The fact that the tr isi'sion coefficient

Is not strongly couleZ to the specific details of the marneetespleric

model has two inplice.tioans: First, the a;,?rozi--_'aions used in the

claculatioas for the cylindrical rodel te-nd to be justified; second,

the trzasaf-.sion coefficient for the azznetic field anplitude is

seen to be nuch nore strongly dependent on the geo,2etry of the magne: o-

Ssiheric vodel than on, for exanle, the details of paraneter profile!.

2. Progress in Two-diaersional Dipole Case. A "tvo-di-ensicizal

dipole" field was assued:

ION
r(- sin + cos

The wave equations for the wave field components are strongly

coupled by this static field structure. A method of decoupling

Iccally was found, which in principal would allow solution to the

wave equations in a small *zoluce. Fowever, the boundaries for

these small volu-es T.ere such that the boundary condition could

not easily be ratified. A co~proiAse static field structure vas

next employed. This ambient field was radical at high "lat'tudes"

< p < and w -;ozis uth, at 1o01: latitulejs (- p < -)
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TiS static field has s d!aracteristics of the dj pt'le 'ield,

but again bOcmndZrY OcftiV1S COVId not be solved. Finally, it

was fo=d that in a thin cylindrical shell (of thicksess t where

t << r, and r inner zadivs of the shell) the wave equatiou

could be decoupled. For thi;• case the wave eqraatio-_ and the

dispersion relation caa be solved numericz l1, and the boundary

conditions satisfied. Uc-rever, nmn-erical calculatious ar-l not

complete. Thus, the evaluation of the propagation of h-; waves

tbrough a "two dix. asional dipole" field in a cylindrical reagneto-

-sphere was wealencel to thte deterainatioii zjf propagation througl: a

thin cylindrical shell of plasna with an azinuthal field. This

problem, while solulble, was not cw-pleted in the contracting

period.

III. S.M-UARY, CO-CLUS1i0;S, AND RECO-i'F.I.-TATIO.S

_A. SuMaary and Conclusions. A conparison of the magnetic field

amplitude trans=ission coefficient for two --ode! magnetospheres,

one of cylindrical geometry and the other p!ane geomeny, reveal-

a significant difference. The curved magnetosphere scatcers

and diffracts an incident wave, and so transmits less energy to

the surface. The ratio of the transmission coefficients in the

two cases varies from 2 to about 100 over the hydromagnetic rzage

of frequencies. The lowest resonant frequencies are seen to depei

larg&_ly on the size of the magnetosphere and avera,:c velocity of

hydromagnetic waves. Hov.:ever, a plane layered model may produce

more co:-.plicated resonant behavii. bccau-e of multiple internal

reflections. A fault of a one--den*im'. trcatiicnt is. its over-

emphasis of the effect of the earth on v.a•,netosphcric pro•,aZ.tion,

.L' •
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a fault inherent in the plane rede. Previous calculations that were

based on a !odel involvir. plane layers and that indicated zapli-

fication effects at discrete frequencies should be reexanined if

comparison between interplanetary field and surface field auplitudes

is desired.

The evaluation of propagati3n characteristic in a wagnetosphere

with curved static field v-as attempted, but not conpleted. Such a

calculation would suggest possible lati udinal variifJon in surface

wave field intensities due to the guiding tendency of the zabient

field.

B. Reco--endations. It is reco-wended that additional effort be put

into the curved field calculations. Szattering, diffracting, and

guiding effects in this case should ma.e the propagation characteristics

differ considerably fro-, the two provious calculations, and should

provide an indication of the latitutional variations in surface

field intensities to be expected from h-m waves propagated

through the magnetosphere.
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